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1. Introduction
At the RAN1#77 meeting and in the subsequent email discussion, the following were agreed upon [1] [2].

	Agreements from RAN1#77:

· For the PHR of the activated cells belonging to another CG/eNB,

· UE is configured using higher layer signaling to report one of the followings

· Always virtual PH

· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH


	Agreements from Email discussion [77-15]:

· Type 2 PHR for PCell and pSCell whichever belongs to the other CG/eNB is always reported in dual connectivity.

· Send an LS to RAN2 to ask to define corresponding PHR MAC CE.

· New PHR trigger is up to RAN2.

· Working assumptions:
· No additional PH calculation equation other than those in Rel.11 is introduced.
· FFS if PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.
· FFS using real PCMAX,c in PH calculation in case that it is available.
· PHR is not averaged over multiple subframes before reported.
· PHR reporting behavior for the serving cells in the scheduling eNB remains the same as in Rel.11.
· FFS: For async case, PHR is calculated using the first overlapped portion.
· Following are FFS until RAN1#78:

· Whether or not PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· Whether or not real PCMAX,c in PH calculation in case that it is available.

· Whether or not the PHR is calculated using the first overlapped portion in async case.

· Whether or not per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.


In this contribution, our views regarding details of the power headroom report (PHR) for dual connectivity are described.

2. PHR of serving cells belonging to non-scheduling eNB
Based on the RAN2 agreement, the PHR transmitted to an eNB (called scheduling eNB hereafter) includes PH information pertaining to all the activated serving cells configured for a UE, irrespective of whether the activated serving cells are configured by the scheduling eNB or a non-scheduling eNB. In RAN1, it was agreed that the PHR reporting behavior for the serving cells belonging to the scheduling eNB remains the same as in Rel.11. For the PHR of a non-scheduling eNB, a UE is configured with “always virtual PH” or “actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH”, by higher layer signalling. Note that the scheduling eNB cannot know the exact UL resource allocation and the transmit power controlled by the non-scheduling eNB in the current and future subframes. In this section, we show our views on how to utilize the PHR of a non-scheduling eNB in each configuration.
2.1. Always virtual PH
According to Rel.11, virtual PH type 1 and type 2 for serving cell c can be respectively computed as
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where 
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 is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB, where MPR, A-MPR, P-MPR and TC are defined in TS36.101. 
In dual connectivity, by reusing the virtual PH type 1 and type 2, the scheduling eNB can roughly estimate how much power is required by the non-scheduling eNB. The actual transmit power of serving cell c belonging to the non-scheduling eNB can be expressed as
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(2)
where serving cell c is assumed to be a PUCCH-configured serving cell, i.e., PCell or PSCell. For simplicity, simultaneous PUSCH/PUCCH transmission in this serving cell is not assumed. If virtual PH type 1 and type 2 for serving cell c in the non-scheduling eNB is reported to the scheduling eNB, the scheduling eNB can calculate 
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where the scheduling eNB needs to know 
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, which is determined by parameter P-EMAX of serving cell c. Equation (3) expresses the ‘minimum components’ of the transmit power for PUSCH dynamic scheduling or PUCCH. If the minimum components in Eq. (3) are available, by estimating the values for PCMAX,c(i), 10log10(MPUSCH,c(i)), h(nCQI, nHARQ, nSR), F_PUCCH(F), and TxD(F’), the scheduling eNB can compute the transmit power of serving cell c for the non-scheduling eNB given by Eq. (3). Based on the estimated power required by the serving cell(s) in the non-scheduling eNB, the scheduling eNB can generatea scheduling strategy for its configured serving cell(s).
In summary, virtual PH type 1 and type 2 can be simply reused for dual connectivity so that the scheduling eNB estimates the power requirement for the non-scheduling eNB. “Always virtual PH” is achievable by setting the “V” field in the PHR MAC CE to be always V=1. Note that the scheduling eNB needs to know 
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 to compute the power, while in the current PHR procedure, 
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 is not reported when V=1. Therefore, in order to utilize the virtual PH of the serving cell(s) belonging to the non-scheduling eNB, one of the following must be known: (1) P-EMAX of the serving cells are exchanged between eNBs via the backhaul, or (2) 
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 is reported together with the virtual PH. Reporting the value of 
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 requires a different UE behavior from that in the Rel.11 PHR procedure. Since 
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 is a semi-static parameter derived from the value(s) of P-EMAX, it is natural to exchange the value(s) of P-EMAX using the backhaul. 
Observation 1:

· If P-EMAX of the serving cells are exchanged by eNBs, the existing virtual PH reporting procedure can be reused for “always virtual PH” by setting the “V” field to be always V=1 for the PHR of the serving cell(s) belonging to the non-scheduling eNB when “always virtual PH” is configured.

· If P-EMAX of the serving cells are not exchanged by eNBs, 
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 must be reported. However, since 
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 is a semi-static parameter that requires new UE behavior, reporting 
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 together with the virtual PH is not reasonable.

2.2. Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
This configuration is intended to report the overall PH for the UE when the PH is reported. The overall PH can be computed as [2]
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where PHc(i) is the real PH (the virtual PH is not included in Eq. (4)). 
The above Eq. (4) cannot be computed using the current PHR since PCMAX(i) is not reported. Therefore, it was discussed whether or not the PCMAX(i) should also be reported in the PHR by modifying the PHR MAC CE. Since there is a certain degree of freedom for the UE to choose the value of PCMAX(i) in each subframe, without PCMAX(i) for the i-th subframe, each eNB cannot compute the exact value of the overall PH. However, reporting PCMAX(i) in the PHR MAC CE requires a new MAC CE. 
Another option is to estimate PCMAX(i) based on the existing parameters. PCMAX(i) can be expressed by PCMAX_L ≤ PCMAX ≤ PCMAX_H, where PCMAX_H is given by PCMAX_H = MIN{10log10∑pEMAX,c, PPowerClass}, where PPowerClass is a static parameter and pEMAX,c is a linear value of P-EMAX for the serving cell c. Therefore, if P-EMAX of the serving cell(s) is exchanged between eNBs, PCMAX_H is calculated, which can be an estimate of PCMAX(i). In this case, eNBs need to take into account the fluctuation of PCMAX(i) in their power-control strategies.
Observation 2:

· If P-EMAX of the serving cell(s) are exchanged by eNBs, the existing PH reporting procedure can be reused for the PHR of the serving cell(s) belonging to the non-scheduling eNB when “actual PH when there is PUCCH/PUSCH transmission for a cell in another CG, otherwise virtual PH” is configured.
· If P-EMAX of the serving cell(s) are not exchanged by eNBs, a new PHR MAC CE is used to report PCMAX(i).
2.3. Exchange of P-EMAX of the serving cells between eNBs
There are two different alternatives in the above discussion in Section 2.1 and 2.2. Introduce a new UE behavior for the PHR and/or a new MAC CE to indicate the maximum power related parameters to eNBs, or, exchange P-EMAX of the serving cells between eNBs via backhaul. Considering the tradeoff between the specification impact and the benefits, exchanging P-EMAX of all the serving cell(s) between eNBs is straightforward and can be a common solution for configuration of both PHR behaviors. 
Proposal 1:

· P-EMAX of the serving cell(s) are exchanged between eNBs.

· When “always virtual PH” is configured, the existing virtual PH reporting procedure is applied while always setting V=1.

· When “actual PH when there is a PUCCH/PUSCH transmission for a cell in another CG, otherwise virtual PH” is configured, the existing PH reporting procedure is applied.
· Send a LS to RAN2 to informing them of the above RAN1 agreements and to ask to introduce the following higher-layer signalling and backhaul signalling
· Higher-layer signalling to configure one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
· Backhaul signalling to exchange P-EMAX of the serving cells between eNBs
As a reference, two types of PHR procedures are summarized in tables below.

	“Always virtual PH” is configured
	PHR transmitted to MeNB
	PHR transmitted to SeNB

	PHR of serving cell(s) in MCG
	· Same as in Rel.11
	· V fixed to 1
· Type 2 PHR is always reported

	PHR of serving cell(s) in SCG
	· V fixed to 1

· Type 2 PHR is always reported
	· Same as in Rel.11


	“Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH” is configured
	PHR transmitted to MeNB
	PHR transmitted to SeNB

	PHR of serving cell(s) in MCG
	· Same as in Rel.11
	· Type 2 PHR is always reported

	PHR of serving cell(s) in SCG
	· Type 2 PHR is always reported
	· Same as in Rel.11


3. Views on FFS from [77-15]
Based on our views on how to use the PHR of the serving cell(s) in the non-scheduling eNB above, we show our views on the FFS from [77-15]. 
Whether or not PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

Not necessary if P-EMAX of the serving cell(s) is exchanged between eNBs.

Whether or not real PCMAX,c in PH calculation in case that it is available.

No. For the case when “always virtual PH” is configured, the actual PCMAX,c is not necessary.

Whether or not the PHR is calculated using the first overlapped portion in async case.

Yes. In the asynchronous case, it is sufficient to calculate the PHR using the first overlapped portion. In the synchronous case, the PHR should be calculated in the same way as in Rel.11 multiple TA.

Whether or not per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
Yes. This is the same UE behavior as in Rel.8-11.
Proposal 2:

· Real PCMAX,c is not reported and is not used for the PHR of the serving cell(s) in the non-scheduling eNB when “always virtual PH” is configured.

· In asynchronous case, the PHR is calculated using the first overlapped portion.

· Per-CC PHR is computed before the power-scaling within each CC.
4. Conclusion
In this contribution, we discuss remaining details on PHR for dual connectivity. Our proposals are summarized as following.
Proposal 1:

· P-EMAX of the serving cell(s) are exchanged between eNBs.

· When “always virtual PH” is configured, existing virtual PH reporting procedure is applied with setting V=1 always.

· When “actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH” is configured, existing PH reporting procedure is applied.
· Send a LS to RAN2 to inform above RAN1 agreements and to ask to introduce following higher-layer signalling and backhaul signalling
· Higher-layer signalling to configure one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
· Backhaul signalling to exchange P-EMAX of the serving cells between eNBs
Proposal 2:

· Real PCMAX,c is not reported and is not used for the PHR of the serving cell(s) in the non-scheduling eNB when “always virtual PH” is configured.

· In asynchronous case, the PHR is calculated using the first overlapped portion.

· Per-CC PHR is computed before the power-scaling within each CC.
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